Background
==========

Every year an estimated 9 million new stroke events occur globally, and an additional 30.7 million individuals live with the ongoing effects of stroke \[[@B1]\]. Decreased ability to walk is one of the most common and debilitating functional limitations following stroke \[[@B2]-[@B4]\]. Although the majority of adults with history of stroke recover some ability to ambulate independently following rehabilitation \[[@B2]\], many individuals experience long term residual limitations in walking speed \[[@B5],[@B6]\], endurance \[[@B6]\] and walking-related self-efficacy \[[@B7],[@B8]\]. Between 27% and 50% of community dwelling individuals report difficulty walking outside of their homes for months and years following stroke onset \[[@B6],[@B9]-[@B11]\]. In the face of these difficulties, independent walking remains one of the most frequently-stated goals of stroke rehabilitation \[[@B12]\], with 75% of individuals identifying the ability to walk in the community as a priority in living at home \[[@B10]\]. Given these challenges, stroke-rehabilitation clinicians and researchers are compelled to apply and evaluate interventions that optimize the recovery of walking skill and participation in community mobility related activities.

According to recent stroke-rehabilitation reviews and practice guidelines, optimal walking recovery may be realized through the application of a task-related walking training approach \[[@B13]-[@B15]\]. In the literature, the term task-related walking practice generally refers to any intervention where walking or walking-related tasks are practiced using a functional approach \[[@B16]\]. Alternate terms include task-specific \[[@B13],[@B17]\], task-oriented \[[@B18],[@B19]\], and task practice \[[@B14],[@B20],[@B21]\]. Although the specific content of interventions varies, they are all based on the premise that in order to optimally improve walking skill, one must practice walking. Training protocols include walking tasks performed overground, on a treadmill, or both. Two of the most common interventions described in the stroke-rehabilitation literature include practice of a variety of primarily overground walking-related tasks \[[@B16]\], and body-weight-supported treadmill training (BWSTT) \[[@B22]\].

Varied Overground Walking-task Training
---------------------------------------

Rooted in movement science, including motor learning research, Carr and Shepherd were early advocates of task-related walking practice after stroke \[[@B23]\]. They emphasized the importance of patient engagement in abundant, active practice of the whole task of walking. In addition, they promoted the practice of varied walking-related tasks organized in a circuit of stations. A small number of controlled studies have evaluated the effectiveness of this varied task practice approach in community-dwelling adults with stroke history \[[@B19],[@B24],[@B25]\]. These studies differ in quality, intervention content and effect on walking performance. In a small-sample pilot study by Dean and colleagues \[[@B24]\], 12 individuals with chronic stroke were randomized to a varied task-related training protocol, including overground walking, treadmill walking, and walking-related tasks (e.g. heel raises, step-ups, narrow base standing), or to a control intervention (upper- extremity task training). The experimental group improved walking endurance and speed more than the control group, however, the authors failed to discuss the implications of the relatively high proportion of participants who did not complete the study (n = 3). In a larger trial, 91 individuals within one year of stroke were randomized to receive 18 sessions of varied walking-related task practice, or upper-extremity task practice performed in sitting \[[@B19]\]. The experimental intervention included practice of walking tasks (i.e. stand up and walk, walking along a balance beam, walking backwards, walking while carrying, walking with speed, stairs and walking on a treadmill) and walking-related tasks (i.e. step-ups, kicking a ball). Following treatment, the walking group demonstrated significantly greater changes on the 6-minute walk test \[35 m more than control, 95% confidence interval (CI) 7, 64\], gait speed (0.11 m/s more than control, 95% CI 0.03, 0.19) and walking-related self-efficacy. In a more recent trial, 58 adults with chronic stroke were assigned to a 12-session walking-related task training protocol or to a non-exercise control intervention \[[@B25]\]. In this study, only 4 of the 15 stations involved walking while the remaining stations focused on strength and balance tasks in standing or sitting. The authors reported that the experimental group demonstrated modest, but statistically greater gains on the 6-minute walk test (19 m, p = 0.03) compared to the control group.

Based on this literature, variable practice of walking and walking-related activities in a circuit format is associated with greater improvements in gait speed, endurance and walking self-efficacy than a non-walking control intervention such as upper-extremity task practice. To date we do not know if this approach is superior to an alternate walking-focused treatment.

Body Weight Supported Treadmill Training
----------------------------------------

BWSTT is rooted in the central pattern generator (CPG) theory of gait control and recovery \[[@B26]\]. The theory proposes that gait is largely controlled by a set of neurons located primarily at the spinal level \[[@B27]\], and these CPG\'s can be activated through the afferent input associated with typical gait through passive or assisted limb movements, weight shift, and postural alignment \[[@B26]-[@B28]\]. Mass repetition of these movements is thought to result in neural reorganization and subsequently improve capacity for over-ground walking in individuals with history of stroke \[[@B29],[@B30]\]. As described in the literature, BWSTT requires the use of specialized body weight support equipment, a treadmill and the assistance of one to three trainers \[[@B22]\]. While recommended in opinion papers and reviews \[[@B31],[@B32]\], when planning our study we found only 3 controlled trials that have evaluated the effectiveness of BWSTT in community dwelling individuals post-stroke \[[@B17],[@B33],[@B34]\]. In 2002, Sullivan randomized 24 individuals with chronic stroke to one of three BWSTT protocols; fast speed, variable speed and slower speed \[[@B33]\]. After 12 sessions, participants who trained at fast speeds improved overground velocity by 0.08 m/s more than those who trained at slow speeds (p = 0.04). In a larger RCT, 80 individuals with chronic stroke were assigned to one of the four combined treatment protocols; BWSTT and arm ergometer, cycling and arm ergometer, BWSTT and lower extremity strength training, and BWSTT and cycling \[[@B34]\]. The group that received alternating sessions of BWSTT and arm-ergometer exercise (12 sessions each over 6 weeks) improved overground gait speed by 0.12 m/s (p \< 0.01) more than those who received the cycling and arm-ergometer program. There were no significant differences between the change scores of the different BWSTT interventions. Finally, in a recent repeated-measures, randomized crossover study \[[@B17]\], 20 adults with chronic stroke and recently discharged from physical therapy were assigned to receive either 12 sessions of BWSTT followed by 4 weeks of no treatment, or 4 weeks of no treatment then 12 sessions of BWSTT. Improvements in gait speed, gait efficiency (O~2~cost) and daily stepping activity were observed after BWSTT treatment periods and not following the no-treatment periods. Based on these small-sample controlled trials, approximately 12 sessions of BWSTT seems to be more effective than a no-treatment control intervention or a non-walking intervention such as cycling. In addition, improvements seem to be optimized when participants train at speeds greater than their typical overground walking speeds. To date the effectiveness of BWSTT has not been evaluated against an alternate program of overground walking-focused training in community dwelling adults with history of stroke.

In summary, varied overground-focused walking practice and BWSTT have been shown to result in greater improvements in walking speed, endurance and/or self-efficacy when compared to non-walking interventions (i.e. arm and hand exercises, cycling). These two walking-task related interventions are different in theoretical rationale as well as in content. In the case of BWSTT, the rationale is clear - repetition of the normal stepping pattern of gait activates the locomotor CPG\'s and results in improved overground walking. Practice is constant and blocked, guidance is provided liberally, and the use of the treadmill environment allows for the repetition of a more normal gait pattern thought to be necessary to activating the CPG\'s \[[@B17],[@B33],[@B34]\]. In varied overground-focused walking practice, the theoretical premises for learning are less defined. While all studies implicitly apply the motor learning principle of specificity of practice, these overground-focused walking task training interventions fail to take full advantage of decades of behavioral motor learning research that have identified optimal learning conditions in healthy adult and rehabilitation populations \[[@B35]\]. For example, based on this research, retention and transfer of learned skills are typically enhanced if practice is abundant, variable, and organized in a random rather than blocked order. Learning is typically optimized if augmented feedback is delayed and intermittent rather than immediate and continuous and if physical guidance is not excessive but allows learners to experience and attempt to correct their own errors. Although the overground-focused task-related training interventions include variable practice of walking tasks that resemble typical walking conditions, order of practice is blocked, and feedback schedule is not described \[[@B19],[@B24],[@B25]\]. We suggest that the impact of task-related walking training will be more fully realized if the content and structure of interventions are consistent with these key motor learning principles.

The purpose of this randomized controlled trial is to compare the impact of the Motor Learning Walking Program (MLWP), a 15-session program of varied overground walking-task training consistent with key motor learning principles related to practice, guidance and feedback, to 15 sessions of BWSTT on walking performance in community-dwelling, ambulatory adults within 12 months of stroke onset.

It is our hypothesis that participants assigned to the MLWP group will demonstrate greater scores in comfortable gait speed and secondary outcome measures at post intervention and follow-up assessments.

Methods/design
==============

Design Outline
--------------

This study is a prospective, randomized, single blind, balanced parallel-group (1:1) superiority trial with stratification by baseline comfortable gait speed (\< 0.5 m/s and ≥ 0.5 m/s). The design includes concealed allocation during recruitment and screening, blinded outcome assessment and intention to treat analysis. Refer to Figure [1](#F1){ref-type="fig"} for study design diagram.

![**Study design and timelines**.](1471-2377-11-129-1){#F1}

Ethics
------

All study activities have been approved by the Research Ethics Boards of St. Joseph\'s Healthcare Hamilton (\#6-2753), the Hamilton Health Sciences/Faculty of Health Sciences McMaster University (\#07-054), and Joseph Brant Memorial Hospital, Burlington, Ontario.

Participants
------------

The target population of this trial is community-dwelling, ambulatory older adults with mild to moderate stroke-related walking dysfunction within twelve months of most recent stroke onset. In contrast to most previous trials \[[@B17],[@B24],[@B25],[@B33],[@B34]\], time since onset was limited to less than one year as it represents the period when patients are most likely to access community-based rehabilitation interventions. Seventy participants will be recruited from clients about to be discharged from inpatient acute and rehabilitation units and outpatient programs at two teaching hospitals in Hamilton, Ontario, Canada (St. Joseph\'s Healthcare Hamilton and Hamilton Health Sciences) and one community hospital, Joseph Brant Memorial Hospital, in the neighbouring community of Burlington. We expect that treating physiotherapists and other clinicians will refer the majority of potential participants; however, some individuals may self-refer in response to community advertisements. Following screening, individuals will be invited to participate if they meet the following criteria: 1) living in the community at time of entry into study, 2) at least 40 years old, 3) within 12 months of onset of a physician diagnosed ischemic or hemorrhagic stroke in any brain location (with or without evidence from diagnostic imaging), 4) able to walk 10 m without assistance with self-selected gait speed \< 1.0 m/s (or typically use a walking aid), 5) able to follow a 2-step verbal command, 6) independent with community ambulation prior to most recent stroke, and 7) receive physician approval to participate in the study. Individuals with history of more than one stroke who meet all other inclusion criteria will be included in the study. Individuals will be excluded if they present with: 1) marked cognitive impairment (i.e. Mini Mental Status Exam \< 24/30 or score less than predicted according to age and education level) \[[@B36]\], 2) severe visual impairment, 3) lower extremity amputation, 4) presence of serious unstable cardiac, medical or musculoskeletal conditions that would limit safe participation in walking exercise (as determined by physician screening and baseline assessment interview).

Randomization
-------------

Participants will be randomly allocated to the two active intervention groups using a fixed allocation ratio of 1:1. Consistent with previous studies in this area \[[@B19],[@B33]\], we anticipate the response to both training programs to be associated with pre-treatment walking ability and participants will be stratified by baseline comfortable gait speed (slow \< 0.5 m/s and fast ≥ 0.5 m/) to minimize group imbalances on this variable \[[@B37]\]. In order to maintain recruitment balance between groups throughout the trial, a permuted block randomization process will be used within each strata using block sizes of at least 2 with all blocks divisible by 2 \[[@B38]\]. The randomization creation process (including block sizes) and resulting schedule will be set, held and managed by a central randomization service (Biostatistics Unit at St. Joseph\'s Healthcare Hamilton). Group assignment will be communicated by email to the research coordinator on a single participant basis after screening, written informed consent, and baseline assessments have been completed.

Experimental Intervention: Motor Learning Walking Program (MLWP)
----------------------------------------------------------------

The Motor Learning Walking Program is a program of varied overground walking-task practice based on theory and research from the fields of motor control, motor learning, neuroplasticity, and stroke rehabilitation. The following statements will be used to guide the implementation of the MLWP:

***1. Motor skill is the product of multiple systems, internal and external to the individual***\[[@B39]\]. Skilled human walking arises from the distributed contribution of both internal (e.g., musculoskeletal, cardiovascular and central nervous system) and external systems (e.g. the environment). The characteristics of walking will vary depending on the specific task and environmental context in which it is performed. A comprehensive rehabilitation program must address the known demands of community walking \[[@B40]\].

***2. Learning is defined as a relatively permanent change in skill level (retention) and the ability to perform skill under varied conditions (transfer)***\[[@B35]\]. ***Motor learning is typically specific to the conditions of practice***. Practice conditions should resemble the conditions of expected typical performance, including task characteristics, sensory motor conditions and information processing demands \[[@B35]\]. Repetitive task oriented practice of walking results in improved walking outcomes after stroke \[[@B20]\]. Training-induced neuroplasticity is specific to the trained movement or skill \[[@B41],[@B42]\].

***3. Practice should be sufficiently intense***. Increased amounts of practice (repetitions) are typically associated with increased learning \[[@B35],[@B42]\]. Increased practice of lower extremity focused activities is associated with improved recovery of walking after stroke \[[@B43]\].

***4. Practice must be sufficiently challenging and engaging***. Motor learning is enhanced when the learner is cognitively challenged during practice or training \[[@B44],[@B45]\]. Cognitive effort may be facilitated through non-repetitive (random or serial) practice schedule, opportunity for self-evaluation and error correction through reduced augmented feedback presentation and minimal physical guidance, and increased task complexity \[[@B44]-[@B46]\]. Motor learning rather than simple motor activity or movement repetition is required to induce cortical and sub-cortical reorganization \[[@B42],[@B46]\]. Practice must be interesting, meaningful, with the learner/client actively engaged in order to induce desired neuroplastic changes \[[@B42]\].

***5. Variable practice optimizes learning***. Practice of a skill under a variety of environmental and task conditions usually leads to improved retention and transfer of skill to novel performance conditions \[[@B35]\].

***6. The effect of variable practice is usually enhanced when practiced in a non-repetitive order***\[[@B35]\].

Content of the MLWP
-------------------

At the first session, the therapist will spend 15 minutes to establish walking-related goals with the client. These goals will help inform the content and emphasis of the walking training program. Training will be organized to promote engagement in intense, repetitive practice of a variety of challenging, walking tasks. Practice will be cognitively effortful, encouraging participants to solve and re-solve the problems of walking in a variety of environmental and task conditions. Refer to Figure [2](#F2){ref-type="fig"} for a graphic representation of the MLWP.

![**Motor Learning Walking Program**. Every session includes all seven core tasks described in the centre circle. During or between sessions, the training physiotherapist may adjust the level of challenge of each core task by adding or removing one or more of the task complexity factors described in the outside circles.](1471-2377-11-129-2){#F2}

### Core Tasks

Participants will practice all walking tasks overground. At every session, the therapist will incorporate the following seven core tasks that reflect the typical demands of home and community ambulation \[[@B40],[@B47]\]: 1) walk short distances, 2) walk prolonged distances or times (\> 50 m or \> 5 minutes), 3) steps, curbs and slopes, 4) obstacle avoidance, 5) transitional movements (e.g. sit to stand and walk), 6) changes in centre of gravity (e.g. pick up object from floor while walking) and, 7) changing direction/turning while walking.

### Increasing Complexity of Walking Task Practice

Using the concepts described by Gentile in her Taxonomy of Task Analysis \[[@B48]\] the training therapist will make each of the core tasks more complex through the addition of concurrent mental, verbal or physical tasks, adding a time restraint, altered terrain and/or lighting, increased duration, reduced predictability and/or performance of walking in a mobile environment.

The therapist will adjust the difficulty of practice tasks based on their assessment of the participant\'s ability to perform the task safely without maximum physical assistance.

Tasks will be practiced in a serial or random order, moving from task to task, avoiding repetition of one station more than two times in a row. Feedback will be delayed and participants will be asked to self-evaluate their performance on a task and develop strategies to improve performance. When feedback is given, it will include either knowledge of results (e.g. time taken to complete a specific task) or knowledge of performance (e.g. step length, stance time) types of feedback \[[@B49]\]. The therapist will only provide hands-on guidance or assistance when required for safety, or for initial completion of the basic task. Specific handling or facilitation techniques will not be used to affect quality of gait. Participants will practice walking tasks with and without their preferred gait aid. Tasks will be practiced in the physiotherapy gym and/or more natural settings inside and outside the hospital (e.g. courtyard, sidewalks, hospital lobby). The tasks will be designed to encourage inclusion of both lower limbs during practice (e.g. reciprocal stepping up stairs). Each session will last 45 minutes including intermittent rest periods as required. Participants will practice three times a week for five weeks for fifteen sessions. Refer to Figure [2](#F2){ref-type="fig"} for a graphic representation of the Motor Learning Walking Program.

Comparison Intervention: Body Weight Supported Treadmill Training (BWSTT)
-------------------------------------------------------------------------

Participants in the control group will practice walking on a treadmill according to a protocol based on an intervention described by Sullivan et al. \[[@B33]\] and Duncan et al. \[[@B50]\]. Based in the CPG theory of stepping control and recovery \[[@B51]\], the focus of this intervention is to provide participants with an opportunity to practice many repetitions of the normal gait cycle. Within a 45-minute session, participants will practice walking for up to 30 minutes at a time on the treadmill. Participants will train using the LiteGait system (harness and mechanical overhead suspension) and the GaitKeeper treadmill (Mobility Research Inc.). All participants will initiate training with 30% of their total body weight supported. A maximum of 40% body weight support will be provided during training. As recommended in the literature \[[@B33],[@B52]\], participants will practice walking on the treadmill at speeds above their preferred overground walking speeds, preferably at or above 0.89 m/s (or 2.0 mph). Physical guidance will be provided by 1 to 3 therapists at the participant\'s pelvis, and/or their limbs to increase gait symmetry, facilitate weight shift, increase hip extension during stance, and to correct foot placement. Verbal feedback related to the participants gait pattern (knowledge of performance) will be provided frequently and concurrent to participants walking on the treadmill. Continuous visual feedback will also be provided via a full-length mirror. Participants will be discouraged from placing their hands on the LiteGait or treadmill handles during training. Body weight support, feedback, and guidance will be weaned, and treadmill speed adjusted according to a clinical decision making algorithm modified from a training algorithm described for individuals with spinal cord injury by Behrman et al. \[[@B53]\]. A comparison of key elements of the MLWP and BWSTT are provided in Table [1](#T1){ref-type="table"}.

###### 

Description of experimental and comparison interventions

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Learning Variable/Principle        Motor Learning Walking Program                                                                                                                                           Body Weight Supported Treadmill Training
  ---------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------------------------------------------------
  **Amount of Practice/Intensity**   Up to 40 minutes of walking activity per session\                                                                                                                        Up to 30 minutes treadmill walking per session\
                                     15 sessions over 5 weeks                                                                                                                                                 15 sessions over 5 weeks

  **Specificity Of Practice**        Reflects task and environmental demands of community walking                                                                                                             High repetitions of near normal gait cycle on treadmill

  **Variable Practice**              Variable practice of different overground walking tasks                                                                                                                  Single task practice - walking on treadmill

  **Practice Order**                 Random or serial order, moving through different tasks returning to each task at least once.                                                                             Blocked or mass practice of single task of walking on treadmill

  **Augmented**\                     Encourage self-evaluation through delayed, intermittent and summary feedback\                                                                                            Continuous, immediate visual (mirror) and/or verbal feedback. Focus on KP, specifically related to posture and gait pattern
  **Feedback**                       KP and results KR provided                                                                                                                                               

  **Instructions**                   Instructions provided related to the goals of the task. Emphasis on problem solving, discovery of alternate ways to complete walking tasks.                              Instructions regarding performance of near normal gait pattern

  **Physical Guidance**              Physical guidance provided for safety, or initial completion of basic task early in learning. Emphasis on allowing participants to make and attempt to correct errors.   Frequent guidance of one to three trainers at pelvis, hemi and non-hemi-limb to guide position and timing\
                                                                                                                                                                                                              Up to 40% body weight support provided through harness - weaned according to performance\
                                                                                                                                                                                                              Handle use discouraged\
                                                                                                                                                                                                              Errors prevented or minimized

  **Training Personnel**             Physiotherapist × 1                                                                                                                                                      Physiotherapist × 1 plus 1 to 2 other physiotherapists or physiotherapy assistants

  **Training Setting**               In hospital physiotherapy department, other parts of hospital and outdoors                                                                                               In hospital outpatient department on treadmill

  **Training Speed**                 Practice of comfortable and fast walking                                                                                                                                 Will train at, or above target speed 2.0 mph (0.89 m/s) as soon as participant is able

  **Use Of Walking Aid/Orthoses**    Practice with and without orthoses and walking aid                                                                                                                       Practice without walking aid, may use orthoses if necessary
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

KP = knowledge of performance, KR = knowledge of results

For experimental and control interventions, blood pressure (BP), heart rate (HR) and rating of perceived exertion (RPE) will be measured at the beginning, during rest periods and at the end of every treatment session. During training, exercise intensity will be reduced if HR exceeds 70% of age predicted maximal heart rate (220 - age) or RPE is greater than 13 on the Borg RPE scale. If resting BP exceeds 180 mmHg systolic and/or 100 mmHg diastolic, the exercise session will be stopped and their physician notified. This information will be recorded allowing comparison between groups. Patients will also wear the StepWatch 3^©^step activity monitor during training sessions, and mean number of steps taken during the sessions recorded as a measure of amount of task-related practice.

In the event of missed sessions, participants will be allowed a maximum of seven consecutive weeks to complete as many of the fifteen sessions as possible. Considering that previous studies have demonstrated changes in walking skill following 12 \[[@B24],[@B25],[@B33],[@B34]\] and 18 sessions \[[@B19]\] over 4 \[[@B24],[@B25],[@B33],[@B35]\] to 6 \[[@B19],[@B34]\] weeks, we expect that a training frequency of 2 to 3 sessions per week for a total of 15 sessions will be result in improved walking skill in our participants.

To minimize the risk of contamination, separate training physiotherapists will deliver the Motor Learning Walking Program and the BWSTT program. All therapists will undergo a standardized training program prior to treating study participants on their own. The principal investigator will monitor ongoing competence and adherence through session observation, case discussions and documentation reviews. In order to minimize the impact of expectation bias, training therapists and participants will be blinded to the hypotheses of the investigators regarding which of the two interventions is expected to result in superior outcomes. To avoid co-intervention, participants will be asked to refrain from attending physiotherapy for their balance or walking limitations during the study intervention period. Participants will be questioned at post-intervention and follow up measures regarding their participation in physiotherapy outside of the study.

Outcomes
--------

Efficacy of the interventions will be determined by comparing change scores (baseline to post treatment) on a variety of standardized outcome measures taken at baseline, post-treatment and 8 weeks post-intervention. The primary outcome measure is comfortable gait speed as measured by the five-metre walk test \[[@B54]\]. Following stroke, gait speed is frequently reduced compared to age matched normals \[[@B5],[@B55],[@B56]\]. Gait speed has been shown to be reliable (r = 0.94)\[[@B57]\], responsive to change (SRM = 1.22; effect size = 0.83) \[[@B54]\], and significantly related to independent community ambulation \[[@B11]\].

Secondary outcome assessment will include measures of maximal gait speed, walking endurance (Six Minute Walk Test), dynamic balance (Functional Balance Test) \[[@B58]\], balance and walking related self-efficacy (Activities- specific Balance Confidence Scale) \[[@B59]\], walking function (modified Functional Ambulation Categories) \[[@B60]\], walking participation (5-day daily step activity - StepWatch 3 step activity monitor) \[[@B61],[@B62]\], community reintegration (Life Space Questionnaire) \[[@B63],[@B64]\], health related quality of life (Stroke Impact Scale 3.0) \[[@B65]\], goal attainment (Patient Specific Functional Scale) \[[@B66]\] and mean number of trainers per training session.

In addition, the baseline assessment will include the collection of demographic information, assessment of cognitive function (Mini Mental Status Exam) \[[@B36]\], presence of depression (Geriatric Depression Scale -15) \[[@B67]\], and the Chedoke-McMaster Stroke Assessment Leg and Foot stages of motor recovery \[[@B68]\]. At follow-up, information will be collected regarding participation in physiotherapy and any change in health status. This information will be used to describe the groups and interpret the results of the interventions.

Training and assessor therapists will record any of the following adverse events that occur during or between sessions: 1) falls (unintentionally landing on the ground), 2) any injury during session, 3) myocardial infarction (confirmed by physician and/or health records), 4) new stroke or transient ischemic attack (confirmed by physician and/or health records), 5) hospitalization for any cause, 6) death of any cause.

Physiotherapists trained to perform the standardized outcome measures will measure outcomes. Assessors will be blinded to the participant\'s intervention assignment and study hypotheses, limiting the potential for expectation bias. Participants will be instructed not to reveal their group assignment to the assessor.

Outcome assessment domains, tools and timing are summarized in Table [2](#T2){ref-type="table"}.

###### 

Outcome domains, measures and timing of assessments

  *ICF*                                *Domain*                         *Instrument*                                   *Screening/Baseline*   *Post -Intervention*   *Follow-up*
  ------------------------------------ -------------------------------- ---------------------------------------------- ---------------------- ---------------------- -------------
  Personal and Environmental Factors   Stroke details                   Interview, health record review                X                                             
                                       Comorbidities                                                                   X                                             
                                       Living situation                                                                X                                             
                                       Gait aid                                                                        X                      X                      X
                                       Physiotherapy                                                                   X                      X                      X
                                       Fall history                                                                    X                      X                      X
                                       Adverse events                                                                  X                      X                      X
  Body Structures/Function             Motor recovery                   Chedoke-McMaster Stroke Assessment             X                                             
                                       Cognition                        Mini Mental Status Examination                 X                                             
                                       Depression                       Geriatric Depression Scale Short form-15       X                                             
  Activity                             Walking speed                    5 metre walk test                              X                      X                      X
                                       Walking endurance                Six Minute Walk Test                           X                      X                      X
                                       Dynamic balance                  Functional Balance Test                        X                      X                      X
                                       Balance self-efficacy            Activities-specific Balance Confidence Scale   X                      X                      X
                                       Goal attainment                  Patient Specific Functional Scale              X                      X                      X
  Participation                        Walking independence             Modified Functional Ambulation Categories      X                      X                      X
                                       Daily walking activity           Step Watch 3.0 step activity monitor           X                      X                      X
                                       Mobility participation           Life Space Questionnaire                       X                      X                      X
                                       Health related quality of life   Stroke Impact Scale 3.0                        X                      X                      X

ICF = International Classification of Function domains

Sample size
-----------

Seventy participants will be recruited. The sample size has been calculated to reliably detect a 0.14 m/s between-group difference in gait speed change (assuming a standard deviation of 0.19 m/s) with 80% power at a 2-tail significance level of 0.05. Using self-selected gait speed as the primary outcome, this sample size has been estimated based on a range of change scores and standard deviation values reported in the literature. Reported differences in change scores between experimental and control interventions range from 0.9 m/s to 0.14 m/s and standard deviation in change scores range from 0.14 to 0.19 m/s \[[@B19],[@B33],[@B34],[@B69],[@B70]\]. Using a conservative estimate of standard deviation of change score of 0.19 and a difference between group change scores of 0.14 m/s, the minimal number of participants required for each treatment group is 29 participants. Dropout rates in previous studies have ranged from 7 to 20% \[[@B19],[@B33]\]. Allowing for a 17% loss to follow up rate, the study will need to recruit approximately 35 participants into each group for a total of 70.

Statistical Analysis
--------------------

The trial results will be reported in accordance with the CONSORT criteria \[<http://www.consort-statement.org>\]. The flow of patients in the trial will be summarized using a flow-diagram. The baseline characteristics and outcomes scores of the patients will be analyzed using descriptive statistics reported by group as mean (standard deviation \[SD\]) or median (first quartile \[Q1\], third quartile \[Q3\]) for continuous variables depending on the distribution and count (percent) for categorical variables. Intention to treat analysis technique will be used for the primary analysis \[[@B71]\]. Missing data will be handled through multiple imputation technique \[[@B72]\]. All statistical tests will be performed using two-sided tests at the 0.05 level of significance. The Tukey\'s HSD method will be used to adjust the level of significance for testing for secondary outcomes. For all models, the results will be expressed as estimate of mean difference (or odds ratios for binary outcomes), standard errors, corresponding two-sided 95% confidence intervals and associated p-values. P-values will be reported to three decimal places with values less than 0.001 reported as \< 0.001. Adjusted analyses will be performed using regression techniques to investigate the residual impact of key baseline characteristics on the outcomes (i.e. age, time since stroke onset, comfortable gait speed, and training site). Goodness-of-fit will be assessed by examining the residuals for model assumptions and chi-squared test of goodness-of-fit. All analyses will be performed using SPSS version 16.0 for Windows or SAS 9.2 (Cary, NC).

### Primary Analysis

The post-intervention (T2) self-selected overground walking speed for the MLWP and BWSTT groups will be compared using analysis of covariance. The two factors will be intervention group (intervention or control) and baseline speed stratum (i.e. slow or fast).

### Secondary Analysis

Mixed design analysis of variance will be used to compare the two groups\' baseline, post-intervention and follow-up scores on all other secondary measures. The two factors will be time and group. Descriptive statistics (i.e. means, or frequencies) will be used to present data related to adverse and serious adverse events by groups. Any apparently significant differences between groups will be analysed for significance using chi square statistics. In an effort to describe the two interventions, the mean number of steps taken per session will be counted in a convenient sub-sample of participants using the step activity monitors. Independent samples t-test statistic will be used to compare the mean number of steps taken per session by the two groups during treatment sessions.

### Sensitivity Analyses

Sensitivity analyses will be performed to assess the robustness of the results. First, there is likely to be high inter-correlations among all outcomes. We will use multivariate analysis of variance (MANOVA) approach to analyze all outcomes simultaneously. This method accounts for possible correlations among all outcomes and provides for a global assessment of differences between groups with an indication of where differences exist. Second, we will use generalized estimating equations (GEE) \[[@B73]\] to account for possible serial correlation of measurements within a patient overtime. Unlike ordinary linear regression, GEE allows accounting possible correlation of outcome scores for the same patient over time. We will use sensitivity analysis to explore potential clustering of measurements/outcomes from the same patient. The clustering effect, measured by intra-class correlation coefficient, will be assumed to be equal across patients. Sensitivity analysis will also include a between-group comparison of post-intervention comfortable gait speed in participants who completed at least 12 of the 15 training sessions using analysis of variance. Refer to Table [3](#T3){ref-type="table"} for a summary of the planned analyses.

###### 

Summary of planned primary, secondary and sensitivity analyses

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  *Objective/Variable*                                                             *Hypothesis*    *Outcome measure (type)*\                                  *Method of Analysis*
                                                                                                   *\[continuous (c), binary (b)\]*                           
  -------------------------------------------------------------------------------- --------------- ---------------------------------------------------------- ----------------------
  **1) [Primary]{.ul}**                                                                                                                                       

  Walking speed at post-intervention (T2)                                          MLWP \> BWSTT   Comfortable gait speed (c)                                 ANCOVA

  **2) [Secondary (T2, T3)]{.ul}**                                                                                                                            

  Secondary outcomes                                                                                                                                          

  a\) Fast walking speed                                                           MLWP \> BWSTT   Fast Gait Speed (c)                                        ANCOVA

  b\) Walking endurance                                                            MLWP \> BWSTT   Six minute walk test(c)                                    ANCOVA

  c\) Balance and walking related self-efficacy                                    MLWP \> BWSTT   Activities-specific Balance Confidence Scale (c)           ANCOVA

  d\) Dynamic balance                                                              MLWP \> BWSTT   Functional Balance Test(c)                                 ANCOVA

  e\) Mobility participation                                                       MLWP \> BWSTT   Life Space Questionnaire (c)                               ANCOVA

  f\) Health-related quality of life                                               MLWP \> BWSTT   Stroke Impact Scale 3.0 (c)                                ANCOVA

  g\) Goal attainment                                                              MLWP \> BWSTT   Patient Specific Function Scale(c)                         ANCOVA

  h\) Walking participation                                                        MLWP \< BWSTT   Mean daily step activity                                   ANCOVA

  i\) Training staff requirement                                                   MLWP \< BWSTT   Total number of trainers/number of training sessions (c)   T-test

  j\) Meaningful change in gait speed of ≥ 0.14 m/s                                MLWP \> BWSTT   Comfortable gait speed change score T2-T1 ≥ 0.14 m/s)(b)   Chi-square test

  Adverse events (count)                                                                                                                                      

  a\) Falls during session                                                                         Therapist report (b)                                       Chi-square test

  b\) Injury during session                                                                        Therapist report (b)                                       Chi-square test

  c\) Falls between session                                                                        Patient report (b)                                         Chi-square test

  d\) Myocardial Infarction                                                                        Patient report/health record (b)                           Chi-square test

  e\) New stroke                                                                                   Patient report/health record (b)                           Chi-square test

  f\) Hospitalization                                                                              Patient report/health record (b)                           Chi-square test

  g\) Death (all causes)                                                                           Health record/Physician (b)                                Chi-square test

  **3) [Sensitivity Analysis]{.ul}**                                                                                                                          

  a\) All outcomes analysed simultaneously to account for correlation among them                   Primary and secondary outcomes                             MANOVA

  b\) Serial correlation of all outcomes at baseline, T2, T3                                       Primary and secondary outcomes                             GEE

  c\) Completers (≥ 12 sessions)                                                   MLWP \> BWSTT   Comfortable Gait speed                                     ANCOVA
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IMPORTANT REMARKS:

The GEE^2^is a technique that allows to specify the correlation structure between patients within a hospital and this approach produces unbiased estimates under the assumption that missing observations will be missing at random. An amended approach of weighted GEE will be employed if missingness is found not to be at random^3^.

In all analyses results will be expressed as coefficient, standard errors, corresponding 95% and associated p-values. Goodness-of-fit will be assessed by examining the residuals for model assumptions and chi-squared test of goodness-of-fit

Tukey\'s HSD method will be used to adjust the overall level of significance for multiple secondary outcomes

^1^Perera S, Mody SH, Woodman RC, Studenski SA. **Meaningful change and responsiveness in common physical performance measures**. *Journal of American Geriatrics Society*2006. **54**: 743-749.

^2^Hardin JW. *Generalized Estimating Equations*. New York: Chapman and Hall/CRC, 2001

^3^Diggle PJ, Liang K-Y, Zeger S. *Analysis of Longitudinal Data*. Oxford: Oxford Science Publications, 1994.

Discussion
==========

To date, a number of controlled trials have tested the effectiveness of intensive, task-related walking training interventions against a non-walking focused control treatment.

A head-to-head comparison of two different active walking focused interventions will help answer the question whether it matters *how*individuals practice walking after stroke. As with most rehabilitation interventions, task-related walking training can be complex and multifaceted. A sound theory base can help focus an intervention on the proposed, relevant active ingredients \[[@B74]\]. In our study, the experimental and comparison intervention were designed based on two different theoretic frameworks. While both interventions emphasize walking practice, their respective theory bases dictate what type of walking is practiced, the practice environment, tolerance for error and variability during practice, the role of the therapist, and the role of the participant during practice. As a result, this study provides a direct comparison of the effectiveness of two quite different task-related walking training protocols with different resource requirements. The results of this study takes an important step toward informing clinicians, patients, caregivers and administrators of the essential components of an optimally effective task-related walking training intervention following stroke.
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